discussing these issues, we consider primary elective cesarean deliveries as those that are performed for reasons other than dystocia (ie, abnormalities of the expulsive forces; abnormalities of fetal presentation, position, or development; abnormalities of the maternal bony pelvis; or abnormalities of soft tissues of the reproductive tract that form an obstacle to fetal descent).
Female PFD encompasses a wide variety of clinical conditions that include pelvic organ prolapse (POP), urinary incontinence (UI), and fecal incontinence (FI), among others. PFD is integral to the woman's role in the reproductive process, largely because of the unique anatomic features that are required to allow vaginal birth and because of the trauma that can occur during that event. Because of its high prevalence, deleterious effects on quality of life and its impact on the health care system, PFD is an important public health issue and should be a focus of primary prevention.
The overall model for the development of PFD in women includes factors that predispose (eg, family history of PFD), incite (eg, vaginal delivery through its effect on nerve damage, muscle damage, and tissue disruption), and promote (eg, lifestyle) dysfunction and may be important in 1 PFD type, but not another. Strategies such as primary elective cesarean delivery or avoidance of episiotomy recently have been discussed as interventions for the primary prevention of all, or some, forms of PFD. Beliefs about the role of each element in causation, based primarily on expert opinion, are supported by sparse evidence, which limits our ability to develop and assess critically the effectiveness of PFD prevention strategies from an epidemiologic standpoint.
Further complicating the development of prevention strategies is the differing disease mechanisms for each type of PFD. Changing obstetric practices may not result in the same effects on different forms of PFD. For example, some recommendations suggest the avoidance of episiotomy to decrease anal sphincter injury (and associated long-term risks of FI) but do not consider the potential effect of this decision on the development of POP. If a lack of episiotomy increases the risk of POP, a small reduction in the incidence of anal sphincter injury because of episiotomy may be outweighed by a greater increase in POP incidence later in life.
The development of prevention recommendations would benefit from an approach that considers each element of PFD in a co-ordinated framework. Comprehensive reviews of the epidemiologic condition of PFD have been conducted, 2 with some focusing on POP, 3 UI, 4 and FI, 5 and some specifically examining the role of obstetric management in the prevention of PFD. [6] [7] [8] [9] Rather than duplicate those efforts, our purpose here was to consider epidemiologic concepts that are wellsuited to the evaluation of prevention opportunities. Although important risk factors that have been identified through other research (eg, obesity, lifestyle) are not addressed here, it is hoped that this discussion will shed light on concepts that are useful for the assessment of primary prevention opportunities at delivery for PFD.
Primary prevention and the science of epidemiology
Primary prevention denotes an action taken to prevent the development of a disease in a person who is well and does not have the disease in question. We focus here on primary prevention because this strategy involves the elimination or reduction of risk factors for PFD before the dysfunction ever develops; in contrast, secondary and tertiary preventions denote the identification, through screening and early intervention, of individuals who already have a disease at an early stage in the natural history of the disease and the prevention of further sequelae of the disease through treatment.
To understand the impact of specific preventive strategies for PFD, we must be able to determine the proportion of PFD incidence in women who are delivered vaginally that actually can be attributed to vaginal delivery. Epidemiologic studies typically are used to determine incidence and risks of disease in a population. As a prelude to considering these issues, we will provide a brief review of relevant epidemiologic concepts.
The science of epidemiology is focused on the determination of whether an association observed between an exposure and an outcome reflects a causal association. Relative differences, which estimate the magnitude of these associations, are used commonly in the assessment of causality. With respect to prevention, however, measures that are based on absolute differences are often preferred, because they provide an estimate of the excess risk that is associated with a given exposure. Attributable risk measures, which are based on absolute differences, indicate the potential for prevention if the exposure could be eliminated, given that the exposure and outcome are linked causally. The basic concept of attributable risk (Figure) is that it subtracts the incidence of the outcome in the ''unexposed'' (eg, incidence of PFD in women who did not undergo vaginal delivery) from that in the ''exposed'' (eg, incidence of PFD in women who have undergone vaginal delivery) to estimate the excess risk of the outcome that can be attributed to the specific exposure. For example, if the association between vaginal delivery and a particular type of PFD is causal, the calculation of attributable risk would indicate the amount of that type of PFD in women who had vaginal deliveries that can be attributed to vaginal delivery. In other words, the attributable risk expresses the most we can hope to accomplish in reducing the risk of a particular type of PFD, if the exposure (eg, vaginal delivery) were to be eliminated completely.
Epidemiologic evaluation of PFD
Measures of disease incidence are needed to determine the proportion of disease that can be attributed to particular exposures. However, much of the existing data on PFD risk factors have been derived from crosssectional studies that do not provide measures of disease incidence. The use of cohort studies to clarify the epidemiologic function and cause of PFD is complicated by the long duration between the occurrence of the putative risk factor (in this case, childbirth) and the clinical examination of PFD, such as POP. Although not intended as a comprehensive review, the following sections present selected data that are available to estimate the excess risk of PFD attributed to childbirth.
POP. Approximately 200,000 women undergo inpatient surgery for POP each year in the United States. 10 However, because many women with PFD are treated conservatively or never evaluated, surgically treated patients do not represent the full spectrum of disease in the population. Research on POP is also complicated by the lack of a standardized clinical definition. Some population-based estimates of POP prevalence exist. A crosssectional analysis of women 50 to 79 years old who were enrolled in the Women's Health Initiative indicated that 41% of women with a uterus had some form of POP at baseline. 11 In a cross-sectional study of 487 Swedish women 20 to 59 years old, Samuelsson et al 12 reported that 31% of women overall and 44% of parous women had some form of POP, although only 2% of all women in the study had a prolapse that reached the introitus when straining. The exact threshold that justified this diagnosis was not described. However, populationbased incidence of POP has not been defined clearly, mainly because there are few prospective or longitudinal studies on which to base estimates and even fewer studies that focus on groups other than women who are admitted to hospitals with symptomatic prolapse. In 1 of the only prospective cohort studies of POP with longterm follow-up, Mant et al 13 followed 17,032 women who attended family planning clinics in England and Scotland between 1968 and 1974 for 20 years and reported an incidence of hospital admission with prolapse of 2.04 per 1000 woman-years at risk.
Of all risk factors that were examined by Mant et al, 13 parity showed the strongest association with risk of requiring surgery for POP; compared with nulliparous women, women with 1 child were 4 times more likely and women with 2 children were 8.4 times more likely to experience POP that required hospital admission. POP was not the primary outcome of the research, and the authors did not distinguish between parity and mode of delivery. Even so, separating out cesarean delivery would most likely increase the risk of prolapse that occurs with each birth, because it is implausible that cesarean delivery would pose a greater risk than vaginal birth. Notably, !1% of prolapse occurred in nulliparous women in the study. Samuelsson et al 12 reported that the most prominent factors of etiologic importance for POP were parity, age, and pelvic floor muscle strength, with high birth weight also associated with increased prevalence of POP among parous women. Existing data on the incidence of POP and the role of childbirth, albeit limited, suggest important opportunities for prevention. Current data on POP only permit attributable risk calculations for parity, not for specific mode of delivery. Additional prospective studies that stratify mode of delivery will be useful in the clarification of the roles of these putative risk factors for POP and, subsequently, for the development of appropriately targeted prevention strategies.
UI. The consequences of this common condition can be debilitating, both physically and psychologically. One review of the literature suggested that the prevalence of UI varies from 2% to 55%, or even more widely, 14 mainly because of differences in the definition and measurement of UI, study methods, and the populations under study. The prevalence of any UI varies by age, with a pattern of an early peak in mid life followed by a steady increase among the elderly population. Available prevalence estimates are based predominantly on older, white populations; thus, information on the burden of UI among other age or racial/ethnic groups is limited.
Several cross-sectional studies have reported an increased prevalence of UI among parous women compared with nulliparous women. The extensive literature on risk factors for UI was reviewed recently by Hunskaar et al, 15 who found that vaginal birth was the most important etiologic factor for the development of stress UI. Rortveit et al 16 found a strong and significant association between parity and stress UI, with relative risks of 1.9 (95% CI, 1.6-2.2) for primiparous women and 2.3 (95% CI, 2.0-2.6) for women with 2 deliveries. In a separate analysis, Rortveit et al 17 examined 15,307 women who were enrolled in a community-based cohort study of the epidemiologic condition of incontinence and reported odds of stress UI of 3.0 (95% CI, 2.5-3.5) for women who had vaginal deliveries compared with nulliparous women, after an adjustment for age, parity, years since last delivery, and body mass index. Based on the data reported in this study, we were able to derive unadjusted odds ratios for any UI (including stress UI, urge UI, or mixed-type incontinence) for women with 1 vaginal delivery (odds ratio [OR], 2.3) or 2 vaginal deliveries (OR, 2.8), compared with nulliparous women. A large prospective cohort study of Swedish pregnant women indicated that, 1 year after childbirth, multiparous women who had elective cesarean deliveries were at a decreased risk of stress UI (relative risk, 0.5; 95% CI, 0.3-0.9), relative to multiparous women who had vaginal deliveries. 18 Notably, none of the 43 primiparous women in the study reported symptoms of stress UI 1 year after elective cesarean delivery.
FI. A sizeable proportion of adults are affected by FI. A recent review of several cross-sectional studies of various populations worldwide suggested a prevalence of 11% to 15% of FI in the community-dwelling adult population. 19 Patterns of incidence are less well characterized in the literature.
Despite the high prevalence and distressing nature of FI, the mechanism by which childbirth influences this condition is not understood completely. Laceration of the external anal sphincter during vaginal delivery is a risk factor for incontinence of flatus or feces. The coexistence of unrecognized injury to the internal anal sphincter may explain the reason that up to one half of parturients subsequently experience FI even after repair of a recognized sphincter laceration. 8 Vacuum extraction also increases risk of FI. Associations of vaginal delivery with FI have been documented. Ryhammer et al 20 reported that the odds of flatus incontinence were 6.6-fold higher (95% CI, 2.4-18.3) after the third vaginal delivery, compared with the first or second vaginal delivery. Pollack et al 21 prospectively followed 309 nulliparous women for 5 years after vaginal delivery and found that, compared with women with only 1 vaginal delivery, women who had R1 subsequent childbirths during the follow-up period were at significantly increased risk of anal incontinence (OR, 2.4; 95% CI, 1.1-5.6). In this study, most of subsequent childbirths (95%) were vaginal deliveries.
Several studies, including a recent review article, 7 have examined outcomes that were associated with cesarean delivery versus vaginal delivery for the primary prevention of FI. With the exception of a few studies, most do not provide evidence for cesarean delivery as a preventive strategy. Moreover, the impact of delivery type on FI appears to decline with age. Thirty years after delivery, comparable prevalence of flatus incontinence and FI was found among women whose index delivery was complicated by anal sphincter disruption, women who had vaginal deliveries with episiotomy, and women who had cesarean deliveries. 22 Similarly, Bollard et al 23 did not find any significant difference in reported FI symptoms between women with a history of forceps delivery (14%), unassisted vaginal deliveries (10%), or elective cesarean deliveries (0%) 34 years after delivery but acknowledged the need for a larger sample size to detect a statistically significant difference.
Use of epidemiologic data to identify prevention opportunities at delivery
On the basis of these epidemiologic data, we easily can calculate the attributable risk percentage from a cohort study using the following formulas: ([incidence in exposed ÿ incidence in unexposed]/incidence of exposed) ! 100 or ([relative risk ÿ 1]/relative risk) ! 100. Although risk measures are preferable, the odds ratio may be substituted for the relative risk in the latter formula. Ultimately, our intent is to examine the risk of PFD that can be attributed to vaginal delivery; however, the data required for such estimates are sparse. With the use of published data from the EPINCONT study 17 to derive odds ratios for incontinence (of any type) according to number of vaginal deliveries, 56.5% of UI among women with 1 vaginal delivery (OR, 2.3; [(2.3 ÿ 1)/2.3] ! 100 = 56.5%) and 64.3% among women with 2 vaginal deliveries (OR, 2.8; [(2.8 ÿ 1)/ 2.8] ! 100 = 64.3%) can be attributed to vaginal delivery. Although Rortveit et al 17 reported an attributable risk of 35% for the proportion of any incontinence among women who were delivered vaginally that would be preventable by cesarean delivery, this estimate was not stratified by the number of vaginal deliveries. The finding by Pollack et al 21 that women with subsequent childbirths had significantly elevated odds of anal incontinence suggests that, among women with 1 vaginal delivery, 58.3% of anal incontinence (OR, 2.4; [(2.4 ÿ 1)/2.4] ! 100 = 58.3%) can be attributed to subsequent childbirths. (Only 5% of the subsequent childbirths among women in this study were cesarean deliveries.)
Data to calculate the excess risk of POP attributable to vaginal delivery, although needed, currently are unavailable. To our knowledge, there are very few populationbased data on risk factors at delivery for POP and no such published reports of studies that have been conducted in the United States that stratify risk by mode of delivery. However, the strong associations of POP with parity imply that interventions at delivery to prevent the development of POP may have greater impact than those interventions that are aimed at preventing UI or FI. Mant et al 13 found that, compared with nulliparous women, women with 1 child had 4.0 times higher odds and women with 2 children had 8.4 times higher odds of the development of POP that required hospital admission. This indicates that 75% of POP among women with 1 child ([(4.0 ÿ 1)/4.0] ! 100 = 75%) and 88.1% of POP among women with 2 children ([(8.4 ÿ 1)/8.4] ! 100 = 88.1%) can be attributable to parity. Although not differentiated by mode of delivery, these strongly observed associations between parity and risk of POP allude to the importance of obstetric care at delivery in the reduction of PFD in later life. However, until long-term follow-up data on the risk of POP that is associated with each mode of delivery are available, we cannot make conclusive recommendations for prevention at delivery.
Most research to date has focused on the association between mode of delivery and UI and FI, yet similar data for POP are limited. The studies that have been conducted do not distinguish between parity and mode of delivery, which is crucial to the ongoing debate regarding the role of cesarean delivery in PFD prevention. Given the annual incidence of surgical treatment for POP 10 and that this type of PFD is associated most strongly with parity, 13 this represents a fruitful area of research that may lead to development of interventions that have the most impact on PFD prevention. Longterm prospective studies that differentiate parity from route of delivery will provide the data that are necessary to quantify the excess risk of PFD that can be attributed to vaginal delivery and, hence, to the development of targeted prevention strategies.
Future directions and emphasis for research
As our understanding of specific risk factors at delivery for POP improves, more thoughtful decision-making regarding prevention may be pursued. For example, research on factors that may be associated with increased risk of the development of POP, such as instrumental vaginal delivery, will enable us to compare the impact of these factors on the various types of PFD and to develop targeted interventions. In addition, the full spectrum of cesarean delivery versus vaginal delivery warrants considerable study. For example, specific details regarding the timing of cesarean delivery (eg, early in labor vs late in second stage, number of centimeters of cervical dilation) may influence the development of PFD. These data could be used to develop interventions that are aimed at women at high risk for PFD, thus reducing the number of women that would be subjected to unintended harm through a more global approach to intervention.
As an illustration, we can consider the current debate surrounding primary elective cesarean delivery as a primary preventive strategy to preserve the integrity of the maternal pelvic anatomy. Although primary elective cesarean delivery potentially may reduce the long-term risk of PFD, other potential sequelae that are associated with this intervention must be seriously considered. Some of the complications of cesarean delivery include increased risk of infection, thromboembolic events, blood loss and necessary transfusions, postpartum pain, maternal death, longer hospital stay, recovery time, time off work, increased risk for subsequent pregnancies, and increased risk of fetal neurologic injuries and death that result from attempting vaginal birth after a cesarean delivery.
Most women in the United States are delivered vaginally, yet the lifetime risk of undergoing a single operation for POP and UI is estimated to be only 11.1%, 24 which suggests that the development of PFD may be attributable to factors beyond vaginal versus cesarean deliveries. An intervention such as primary elective cesarean delivery that is targeted at all births potentially could cause harm to a sizeable proportion of women who otherwise would have been delivered vaginally and not have experienced PFD.
Thus, for every 1 woman (ie, 11.1%, approximated to 1/10) who would benefit from primary elective cesarean delivery, 9 women [ie, 100% ÿ 11.1% = 88.9%, approximated 9/10] would gain no benefit yet would have to assume the potential risks that are related to the procedure.
Although urgently needed, the data to pursue targeted interventions presently are limited. Studies similar to the Norwegian EPINCONT study, 16 which enabled attributable risk calculations for UI, are required to better estimate the excess risk of the other PFDs that are attributed to vaginal delivery. In the United States, the precedent for long-term prospective studies with adequate sample size and power to identify predictors of major chronic diseases that affect women has been set by the Women's Health Initiative 25 and the Nurses' Health Study. 26 Similarly, mechanistic studies that indicate what specific injuries occur during vaginal birth that are associated with PFD are needed.
Studies that are designed to appropriately disentangle birth-associated factors that influence the development of various types of PFD could lead to more effective prevention strategies that could benefit the approximately 4 million women who are delivered each year in the United States. 1 Careful consideration of exposure and outcome measurement will strengthen the internal validity of such studies, and inclusion of participants from a broad distribution of ages, races, and ethnicities would enhance the generalizability of the findings. Definitive recommendations will have to wait for further epidemiologic studies that will define the potential risk and benefits of various obstetric practice changes as preventive strategies for PFD.
